Protonation state of the active-site Schiff base of aromatic amino acid aminotransferase: modulation by binding of ligands and implications for its role in catalysis.
The Schiff base formed between Lys258 of Escherichia coli aromatic amino acid aminotransferase (ArAT) and the coenzyme pyridoxal 5'-phosphate (PLP) has a pKa value of 6.65. The pH dependency of the kinetic parameters was consistent with a mechanism by which the enzymatic form with the nonprotonated Schiff base productively binds aspartate, phenylalanine, and tryptophan. The Schiff base pKa value rose by 1.7-2.1 unit on binding of substrate analogs, and this strongly suggested protonation of the Schiff base upon formation of the Michaelis complex with substrates. The protonated "internal" Schiff base in the Michaelis complex is supposed to be attacked by the deprotonated substrate amino group, and this explains excellently the mechanism of transaldimination to form the PLP-substrate Schiff base. Phenylpropionate and indolepropionate caused similar increases in the pKa value to maleate. [Arg292-->Ala] ArAT showed the same pKa value as the wild-type enzyme. Therefore, neutralization of Arg292 by omega-carboxylate of dicarboxylic ligands, which had been well documented in aspartate aminotransferase to increase the Schiff base pKa, has little effect on the protonation of the Schiff base in ArAT. Thus the structure of ArAT is deliberately organized so that the Schiff base pKa is effectively modulated by substrates having only one carboxylate group.